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This invention relates to metal diaphragm. pumps. 
Various types of diaphragm pumps for liquids have 

heretofore been proposed, particularly for exceedingly 
high pressure differentials, but none has proven wholly 
satisfactory, particularly for the pumping of sludges, slur 
ries and the like in which a substantial amount of solid 
material is carried suspended in the liquid. 

Difficulties have been encountered, particularly because 
of the tendency of solid material separating out from the 
carrier to accumulate between the outer edges of the di 
aphragm and the peripheral region of a travel limiting sur 
face for the diaphragm. This accumulation causes de 
formation of the diaphragm and results in destruction of 
the diaphragm so that the life of the same is greatly 
shortened. 

It is the principal object of the present invention to 
provide a diaphragm pump having a plurality of spaced 
metallic diaphragms with a filling liquid therebetween, one 
of the diaphragms being oscillated by pressure of a driv 
ing fluid applied thereagainst, the other diaphragm having 
a pumping face which engages with the material to be 
pumped. 

It is a further object of the present invention to pro 
vide a pump having a pair of spaced metallic diaphragms 
in which one of the diaphragms is flexed between limiting 
positions, the movement of this diaphragm being utilized 
with a liquid coupling between the diaphragms for con 
trolling and determining the movement of the other dia 
phragm. 

It is a further object of the present invention to provide 
a pump having a plurality of diaphragms with a liquid 
coupling therebetween, one of the diaphragms being a 
driving diaphragm and the other diaphragm being a 
pumping diaphragm, the movement of the pumping dia 
phragm being controlled by the coupling so that no travel 
limiting devices are necessary and no solids collecting loca 
tions are provided on the portion thereof which is exposed 
to the solids containing liquid being pumped. 

It is a further object of the present invention to provide 
a metal diaphragm pump having a plurality of metal dia 
phragms, one of which is a pumping diaphragm, and the 
other of which is a driving diaphragm, with provisions 
for controlling the liquid filling of the space between the 
two diaphragms. 

Other objects and advantageous features of the inven 
tion will be apparent from the description and the claims. 
The nature and characteristic features of the invention 

will be more readily understood from the following de 
Scription, taken in connection with the accompanying 
drawings forming part thereof, in which: 
FIGURE 1 is a vertical longitudinal sectional view of a 

diaphragm. pump in accordance with the present inven 
tion, parts being shown diagrammatically; 
FIGURE 2 is a sectional view, enlarged, taken approxi 

mately on the line 2-2 of FIG. 1; and 
FIG. 3 is a fragmentary sectional view, enlarged, show 

ing a different character of diaphragm mounting. 
It should, of course, be understood that the description 

and drawings herein are illustrative merely, and that vari 
ous modifications and changes can be made in the struc 
ture disclosed without departing from the spirit of the in 
Wention. 

Like numerals refer to like parts throughout the several 
views. 

Referring now more particularly to the drawings, in 
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2 
which a preferred embodiment of the invention is illus 
trated, the pump in accordance with the present inven 
tion preferably consists of a plurality of heads in sidewise 
stacked or laminated arrangement, including a fluid driv 
ing head 10, an intermediate or liquid coupling head 11, 
and a slurry pumping head 12 retained in aligned arrange 
ment by end flange plates 4 and 5 connected by flange 
retaining studs 16 having nuts 7 thereon. The end flange 
plates 14 and 15 have recessed portions 18 and 19 for the 
reception respectively of the heads 10 and 12. 
The fluid driving head 10 preferably includes a disc por 

tion 20 having a nozzle or pipe 21 welded or otherwise 
secured thereto in fluid tight relation and extending 
through an opening 22 in the end flange plate 14. 
The nozzle or pipe 21 is connected by a fluid connec 

tion 23, secured thereto, to a source of oscillating hy 
draulic pressure of any desired type. 
The disc portion 20 has a ring 24 connected thereto to 

which a drive plate 25 is secured in any desired manner 
such as by rings 26 of welding. The plate 25 has a plu 
rality of spaced openings 27 therethrough for permitting 
free fluid access from one side thereof to the other. The 
plate 25 has a curved dished or concave face 28 for 
limiting the movement in one direction of a driving dia 
phragm 29 of metal such as stainless steel, brass or the 
like, dependent upon the liquids in contact therewith. 
The diaphragm 29 is interposed between the plate 25 and 
the flat face 30 of the intermediate head 1. The plate 25 
preferably has a peripheral welding rim 31 therearound. 
The intermediate head 11 is also preferably made in 

the form of a plate having a plurality of openings 32 
therethrough, the side face 30 thereof preferably being 
fiat and the other side thereof being dished as at 33, 
and preferably to the same extent and with the same 
curvature as the face 28. Opposite radially disposed 
bores 34 and 35 are provided, communicating respectively 
with a plurality of the openings 32 in the plate and having 
nozzles 36 and 37 extending therefrom for the attachment 
of tubes 38 and 39 for filling with liquid and for exhaust 
of air, as hereinafter explained. The tubes 38 and 39 
connected to the nozzles 36 and 37 can, if desired, have 
valves 40 and 4 therein for sealing the liquid introduced 
therein. The head 11 has peripheral welding rims 42 and 
43 therearound. 
The metal diaphragm 29 is held in position in any 

desired manner, such as by the pressure retaining the 
components in axial alignment and, if desired, also, the 
joints at this location may be weld sealed at the rims 
3 and 42 as at 44. 
The pumping slurry head 2 has an opening 46 there 

through to which a nozzle 47 is welded and has an access 
opening 48 therethrough to which a nozzle 49 is welded. 
The nozzles 47 and 49 extend through the flange 15, 
and one of the nozzles is preferably connected to a suppiy 
of slurry, the other being connected to a location for 
delivery of the slurry. The nozzles 47 and 49 can have 
non-return or check valves 60 and 62 in series therewith 
and operating in opposite directions to serve as inlet and 
discharge valves. 
A diaphragm 50 is provided, interposed between the 

plates 1 and 12. The diaphragm 50 is of metal, simi 
lar to the diaphragm 29, and can be retained in position 
in the same manner. 
As illustrated in FIG. 1, the plate 12 can have a weld 

ing rim 51 therearound, and if desired the joints at this 
location may be weld sealed at the rims 43 and 51, as 
shown at 52. 

In FIG. 3, alternative structure for mounting and seal 
ing the diaphragm is shown with particular reference to 
the diaphragm 50, a compressible sealing ring 55 being 
provided in an annular recess 56 in compressed engage 
ment with the diaphram 58, and a sealing ring 57 being 
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provided in an annular recess 53 and carried in the plate 
12 for compressed engagement with the diaphragm 5 on 
the opposite face thereof. The sealing rings 55 and 57 
prevent fluid leakage radially outwardly of the diaphragm 
50. 
The slurry head 2 is provided with a cutaway portion 

53 which is flat over the major portion of its extent 
and is spaced from the diaphragm 50 over the entire 
area of the diaphragm 53 exposed thereto. The cutaway 
portion 53 is thus beyond the location to which move 
ment of the diaphragm 58 occurs so that no iocation is 
provided therein for the collection of solid material from 
the slurry being pumped. 

If desired, a filter or screen 63 can be provided along 
the face of the plate 25 opposite the face 28 to prevent 
access of solids to the face 28 and diaphragm 29. 
The mode of operation will now be pointed out. 
Before operation of the pump is commenced the space 

between the diaphragms 29 and 53 is filled with a 
permanent liquid filling, any desired liquid being employed 
in accordance with the characteristics of the materials 
to be handled, and particularly dependent upon the tem 
peratures of the pumped and impelling fluids. 

For some purposes the filling liquid may be water, 
while for other purposes alcohol, ethylene glycol, mineral 
oil, mercury or the like may be employed. In order to 
effect the filling, with the pipe 39 connected to the irozzle 
37 in open or partially open condition through the valve 
4A, liquid is introduced through the fluid connection 38. 
Any air or other gas between the diaphragms 29 and 59 
is discharged through the nozzle 37 and the pipe 39. 
if desired, the filling may be effected under pressure, 
but not to the extent to cause deformation of the dia 
phragm 50 beyond the normal flat plane thereof under 
operating conditions. 
The nozzle 2i is connected to a source of oscillating 

hydraulic pressure which is applied through the open 
ings 27 on the contiguous face of the driving diaphram 
29. The openings 27 of the plate 25 provide for pres 
sure distribution between the opposite sides of the plate 
25 as transmitted by the fluid filling the perforations 22. 
The application of the oscillating hydraulic pressure on 
the driving diaphragm 29 tends to oscillate the diaphragm 
29 to and from a concave position in contact with the face 
portion 23 from and to a flat position in contact with 
the face portion 30 of the head , and the pressure 
applied through the perforations 32 is effective by reason 
of the liquid filling for oscillating the diaphragm 59 
concurrently with the diaphragm. 29. The diaphragm 53 
is thus actuated from a position in engagement with the 
concave face 33 to a planar position, and returned, and 
at no time comes into contact with the dished face 53 of 
the slurry head 12. Accordingly, no accumulation of 
solids will be effected on the pumping side of the dia 
phragm 50, and no travel limiting face or other structure 
is required on the slurry pumping side of the diaphragin 
56, the movement of the diaphragm 59 being limited by 
hydraulic coupling to that of the driving diaphragm 29. 

claim: 
1. A pump comprising housing members having a pair 

Of spaced metal diaphragms therein, one of Said dia 
phragms being a driving diaphragm and the other being a 
pumping diaphragm, a liquid link interposed between inner 
facing portions of said diaphragms for effecting simul 
taneous movement thereof, a fluid connection for the ap 
plication of oscillating fluid pressure against the outer face 
of said driving diaphragm opposite from that engaged by 
said liquid link, the other side of said pumping diaphragm 
bounding a pumping chamber having a fixed boundary 
Wall thereof spaced from said pumping diaphragm in all 
operating positions of said pumping diaphragm, fluid con 
nections in communication with said pumping chamber for 
the supply and delivery of liquid to be pumped, and means 
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4. 
for controlling the positioning of said pumping diaphragm 
for movement between a concave condition and a flat con 
dition including a member interposed between said dia 
phragms, said last member having a concave face portion 
facing towards said pumping diaphragm for limiting the 
movement of said pumping diaphragm towards a concave 
condition and an opposite motion limiting face portion 
facing towards said driving diaphragm for limiting the 
movement of said driving diaphragm and thereby limiting 
the movement of said pumping diaphragm towards a flat 
condition. 

2. A pump comprising a driving head, an intermediate 
head, a pumping head, a metal driving diaphragm inter 
posed between said driving head and said intermediate 
head, a metal pumping diaphragm interposed between said 
intermediate head and said pumping head, said driving 
head and said intermediate head having facing portions 
shaped and spaced to provide a driving chamber within 
which said driving diaphragm extends, said facing portion 
of said intermediate head facing the driving diaphragm 
and limiting the movement thereof in one direction, a fluid 
connection for the application of oscillating fluid pressure 
in said driving chamber against one side of said driving 
diaphragm, said intermediate head and said pumping head 
having facing portions shaped and spaced to provide an 
operating chamber and a pumping chamber, said last fac 
ing portion of said intermediate head having a concave 
surface, said pumping diaphragm separating said operat 
ing chamber and said pumping chamber, the space within 
said intermediate head and between said diaphragms being 
liquid filled and said liquid providing a coupling for simul 
taneous movement of said diaphragms, fluid connections 
in communication with said pumping chamber for the 
Supply and delivery of liquid to be pumped, said driving 
diaphragm and pumping diaphragm being movable in said 
opposite direction to place said pumping diaphragm in 
concave condition and being movable in said one direc 
tion from the concave condition towards a flat condition 
of said pumping diaphragm, said facing portion of said 
intermediate head contacted by said driving diaphragm 
serving as the limit in said one direction for the control of 
the concurrent movement of said diaphragms. 

3. A pump as defined in claim 2 in which the inter 
mediate head has a plurality of openings between its oppo 
site facing portions, and a filling connection is provided in 
said intermediate head, including a passageway in inter 
Secting relation to a plurality of said openings. 

4. A pump as defined in claim 2 in which said delivery 
head, intermediate head and pumping head are discs with 
axes normal to their opposite faces in alignment, flange 
members are provided at opposite ends of said heads, and 
connecting members are provided in said flange members 
for holding said flange members, said heads and said dia 
phragms in assembled relation. 

5. A pump as defined in claim 2, in which said delivery 
head, intermediate head and pumping head are discs with 
axes normal to their opposite faces in alignment, flange 
members are provided at opposite ends of said heads, con 
necting members are provided in said flange members for 
holding said flange members, said heads and said dia 
phragms in assembled relation, and said fluid connections 
extend through said flange members. 
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